Objective Persistent renal damage (RD) three months after exposure to contrast media is associated with contrast-induced acute kidney injury (CI-AKI) and poor clinical outcomes. Little is known about the role of preprocedural hydration on persistent RD in patients with chronic kidney disease [CKD; estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 ] undergoing percutaneous coronary intervention (PCI). We therefore examined the use of preprocedural hydration to decrease the incidence of persistent RD. Methods Between 2012 and 2015, 1,230 consecutive patients undergoing PCI, except for patients with an eGFR ! 60 mL/min/1.73 m 2 , on dialysis, having acute myocardial infarction, or recently having started reninangiotensin inhibitors, were screened (n=333). Before their index PCI, the 12-h saline group (n=103) received 1 mL/kg/h 0.9% sodium chloride for 12 hours, and the 1-h bicarbonate group (n=63) received 3 mL/kg 154 mEq/L sodium bicarbonate for 1 hour. The control group (n=167) received no pre-procedural hydration. The study outcome of kidney function decline was investigated using the percent-change (%-change) of the calculated creatinine clearance between the baseline value and the lowest value recorded three to six months after index PCI. Results There was less renal function deterioration in the saline group than in the control group, and the bicarbonate group showed deterioration similar to the other groups (%-change; 12-h saline 2.0±11.3% vs. control −5.6±12.6%, p<0.001; vs. 1-h bicarbonate −1.8±14.1%, p=0.18; 1-h bicarbonate vs. control, p=0.14 ANOVA). A multiple regression analysis adjusted for risk factors for persistent RD showed that saline hydration correlated independently with a higher %-change (r=0.262, p<0.001). Conclusion Preprocedural 12-h saline may be better than no preprocedural hydration in preventing midterm renal insufficiency in CKD patients undergoing PCI.
Introduction
Contrast-induced acute kidney injury (CI-AKI) three days following contrast media exposure and persistent renal damage (RD) three months after exposure correlate with poor clinical outcomes in patients undergoing percutaneous coronary intervention (PCI) (1, 2) . Transient RD is reported in 81% of CI-AKI patients, but the baseline renal function is restored by 3 months after PCI. However, 19% of CI-AKI tensin-converting enzyme inhibitor, ARB: angiotensin-II receptor blocker, MRA: mineralocorticoid receptor antagonist, 12h-saline: pre-procedural saline hydration group at a rate of 1 mL/kg/h for 12 hours before PCI, 1h-bicarbonate: pre-procedural sodium bicarbonate hydration group at a rate of 3 mL/kg/h for 1 hour before PCI, Cr: serum creatinine, f/u: follow-up patients and 1.0% of non-CI-AKI patients develop persistent RD (2) . Although persistent RD is less common in non-CI-AKI patients than in CI-AKI, patients with a history of PCI are susceptible to repeat diagnostic and therapeutic procedures that require contrast media (29-44%), and a lower baseline kidney function has been reported as a risk factor for adverse outcomes (3) (4) (5) . Therefore, preventing renal function deterioration is important for patients undergoing PCI. Isotonic (0.9%) saline preprocedural hydration, sodium bicarbonate (154 mEq/L) preprocedural hydration, and furosemide diuresis with matched hydration have been reported to prevent CI-AKI. However, preprocedural hydration is still controversial owing to differences in patient background characteristics as well as differences in emergent versus elective procedures, therapeutic versus diagnostic procedures, and intra-arterial versus venous procedures (6) (7) (8) (9) (10) (11) .
PCI is considered a high-risk cause of CI-AKI (1) . Isotonic saline preprocedural hydration is recommended by the current American College of Cardiology/American Heart Association (ACC/AHA, 2011) and European Society of Cardiology (ESC, 2014) PCI guidelines (12, 13) , and both isotonic saline and sodium bicarbonate preprocedural hydration are recommended in the local 2012 Japanese guidelines (14) . Unfortunately, few data support the use of hydration to prevent persistent RD in patients with chronic kidney disease (CKD).
The objective of the present study was to compare the efficacy of preprocedural hydration with isotonic saline or sodium bicarbonate versus no hydration (control) for prophylaxis of persistent RD in CKD patients undergoing PCI.
Materials and Methods

Population
This study was a retrospective, single-center, observational study. Analyses were done per-protocol (Fig. 1) . From January 2012 to April 2015, 1,230 consecutive patients underwent PCI for ischemic heart disease at a single cardiovascular center (Fukuyama Cardiovascular Hospital); 698 of the 1,230 patients (56.7%) were identified as having CKD [defined for Japanese as an estimated glomerular filtration rate (15) (eGFR) <60 mL/min/1.73 m 2 ] and were selected for the study. Patients with end-stage renal failure requiring dialysis (n=45), patients with acute myocardial infarction (n =233), and patients newly started on renin-angiotensin inhibitors ( angiotensin-converting enzyme inhibitors, angiotensin-II receptor blockers, or mineralocorticoid receptor antagonists) (n=87) were excluded (16) (17) (18) . From May 2013 to June 2014, CKD patients routinely received 0.9% sodium chloride at a rate of 1 mL/kg/h for 12 hours before and after index PCI (6) . During the study period, 31 patients received no hydration because of either clinical emergencies or missing hydration and were excluded from the analysis, leaving 103 patients in the 12-h saline group. From July 2014 to April 2015, CKD patients instead received sodium bicarbonate (154 mEq/L in dextrose and water) at a rate of 3 mL/kg for 1 hour before PCI, and at 1 mL/kg/h for 6 hours after PCI (8) . Six patients actually received no hydration and were excluded (1-h bicarbonate group, n=63). From January 2012 to April 2013, 167 CKD patients received postprocedural 0.9% sodium chloride hydration at a rate of 1 mL/kg/h for 12 hours after index PCI, with no patient receiving preprocedural hydration. The 12-h saline and 1-h bicarbonate groups were compared with the control group using an on-treatment analysis. Twenty patients with missing creatinine values between 3-6 months were excluded from the analyses (313/333, follow-up rate 94.0%).
In all cases, iohexol (350 mg·I/mL, Omnipaque; DaiichiSankyo Pharmaceutical, Tokyo, Japan), a nonionic, lowosmolar contrast medium, was used during PCI.
Age, body mass index, systolic blood pressure, diastolic blood pressure, and left ventricular ejection fraction (LVEF) by echocardiographic evaluations were obtained on the day of admission. Laboratory test findings, including serum creatinine (Cr), hematocrit, random blood glucose, hemoglobin A1c (HbA1c), total cholesterol, high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), triglycerides, uric acid, and proteinuria on a dipstick urinalysis, were assessed the day before angiography (prehydration). Cr was measured again at three to six months from the time of follow-up after index PCI. All tests were carried out in our hospital laboratory with consistent methodology.
Clinical and procedural data were recorded prospectively for all patients in a dedicated database. The study protocol was approved by the regional ethics committee. All patients gave their informed consent.
Endpoint and clinical definitions
The primary endpoint was the severity of persistent RD. In this study, the severity of persistent RD was assessed by the percent-change (%-change) in the calculated creatinine clearance (CC) based on the baseline creatinine value and the highest value during the three to six months after index PCI. A negative value for the %-change was considered to indicate renal functional deterioration. The CC was assessed by the Cockcroft-Gault formula: (19) (140-age in years) × body weight in kg/(72×Creatinine in mg/dL) adjusted by sex (×0.85 in female gender). The baseline CC was calculated from the baseline Cr. The lowest value of the CC was calculated from the highest creatinine value during the three to six months after index PCI.
The eGFR was estimated using the equation for Japanese patients (15) Anemia was defined as a baseline hematocrit <39% for men and <36% for women. Proteinuria was defined as ! 1+ protein on a baseline dipstick urinalysis. Periprocedural hypotension was defined as a systolic blood pressure <80 mmHg for at least 1 hour requiring an inotropic agent or intra-aortic balloon pump (IABP) within 24 hours periprocedurally. Advanced congestive heart failure was defined as a New York Heart Association (NYHA) functional class III or IV. The contrast nephropathy risk score was calculated as specified by Mehran et al. (1) Angiotensinconverting enzyme inhibitors (ACEis) and/or angiotensin-II receptor blockers (ARBs) and loop diuretics were noted if they had been started at least three months before index PCI and continued during follow-up. Unstable angina was defined as either new-onset exertional angina within the preceding two months (Canadian Cardiovascular Society Class III), or angina at rest with no evidence of myonecrosis or ST elevation. Multivessel disease was defined as ! 2 diseased epicardial coronary arteries with a diameter stenosis of ! 50% by visual estimation.
Statistical analyses
Data are presented as the mean±standard deviation for continuous variables and as counts and percentages for categorical variables. Multiple comparisons were made among three or more groups using a one-way analysis of variance (ANOVA) with the Scheffe post-hoc test for continuous variables and the chi-square test for categorical variables. Linear regression models require only two subjects per variable (20) , univariate and multivariate regression analyses were performed to identify the variables that predicted a %-change in creatinine clearance. Glucose, triglyceride, contrast volume, and contrast volume-to-creatinine clearance ratio were log-converted to fit the regression analyses. The multivariate regression analysis included known and persistent risk factors for RD (LVEF and the nephropathy risk score) (2) and hydration method (12-h saline or 1-h bicarbonate). The statistical analyses were performed using the Statview software program, version 5.0 (SAS Institute, Cary, USA) and JMP version 8 (SAS Institute). P values less than 0.05 were considered significant.
Results
Clinical characteristics
Baseline clinical, laboratory, and procedural characteristics of the study patients are shown in Table 1 . The number of patients with unstable angina in the 12-h saline group was lower than that in the other groups [12-h saline vs. 1-h bicarbonate vs. control, 2/94 (2.1%) vs. 12/61 (20%) vs. 20/ 158 (13%), respectively, p=0.002]. IABPs were used more often in the 1-h bicarbonate group than in the other groups [12-h saline vs. 1-h bicarbonate vs. control, 0/94 (0%) vs. 3/ 61 (4.9%) vs. 1/158 (0.6%), respectively, p=0.017], but IABP use occurred in settings other than periprocedural hypotension (e.g., unprotected left main disease). Periprocedural hypotension was observed in 1/94 (1.1%) in the 12-h saline group, 0/61 (0%) in the 1-h bicarbonate group, and 3/ 158 (1.9%) in the control group. The systolic blood pressure in the control group was higher than in the 1-h bicarbonate group (1-h bicarbonate vs. control, 130±20 vs. 143±25 mmHg, respectively, p=0.001). Other variables did not significantly differ between groups. No patients developed congestive heart failure in either the 12-h saline or 1-h bicarbonate groups.
Changes in the renal function
The %-change among all patients showed a Gaussian distribution (Shapiro-Wilk test, p=0.16). The percentage of patients who developed severe renal functional deterioration (%-change ! 25%) was 5.4% (17/313) in all patients, 0% (0/ 94) in the 12-h saline group, 6.6% (4/61) in the 1-h bicarbonate group, and 8.2% (13/158) in the control group (p= 0.019, chi-square test). Box plots of the %-change between the baseline CC and the lowest CC during 3 to 6 months of follow-up (follow-up day, median 175 days, range 90 to 190 days) are shown in Fig. 2 . The %-change in the 12-h saline group was significantly higher than in the control group (12-h saline vs. control, 2.01±11.30% vs. −5.56±12.55%, p< Data are presented as mean value±standard deviation, and categorical data as number (%) of patients. Continuous variables were compared using sheffe's test, and categorical variables were compared using the chi-square test. # chi-square test, § 1-h bicarbonate vs. control, using Sheffe's test (ANOVA). 12-h saline: pre-procedural saline hydration group at a rate of 1mL/kg/h for 12 hours before PCI, 1-h bicarbonate: pre-procedural sodium bicarbonate hydration group at a rate of 3 mL/kg/h for 1 hour before PCI, LVEF: left ventricular ejection fraction, NYHA: New York Heart Association, ACEi: angiotensin converting enzyme inhibitor, ARB: angiotensin-II receptor blocker, HbA1c: hemoglobin A1c, PCI: percutaneous coronary intervention, saline: isotonic sodium chloride. IABP: intra-aortic balloon pump, HDL: high density lipoprotein, LDL: low density lipoprotein, eGFR: estimated glomerular filtration rate 0.001, ANOVA). The %-change in the 1-h bicarbonate group was similar to that in other groups (−1.80±14.05%, vs. 12-h saline p=0.18, vs. control p=0.14). Fig. 3 shows box plots of the %-change divided by the CKD stage. The 12-h saline group had a higher mean %-change than the control group in patients with CKD stage 3A (12-h saline vs. control, 2.76 ±10.44% vs. −3.13±10.41%, p=0.002). The relationship between the %-change and contrast volume-to-CC ratio is shown in Fig. 4 . The 12-h saline group had a higher mean %-change than the control group in the intermediate (2 to < 3) risk contrast volume-to-CC ratio category (12-h saline vs. control, 3.36±13.12% vs. −5.75±12.55%, p=0.017), while the 1-h bicarbonate group had a higher %-change than the control group in the high (! 3) risk ratio category (1-h bicarbonate vs. control, 1.24±14.07% vs. −9.63±14.03%, p= 0.024).
Regression analyses for the %-change in the CC
In univariate models, the %-change was positively correlated with the LVEF, hematocrit, eGFR, and 12-h saline hy- analysis of variance dration and negatively correlated with age, female sex, NYHA III-IV, loop diuretics, SBP, proteinuria, contrast volume-to-creatinine clearance ratio, and contrast nephropathy risk score (Table 2 ). In the multivariate model, the %-change correlated positively with 12-h saline and 1-h bicarbonate hydration and negatively with the contrast nephropa- Multivariate model included LVEF, contrast nephropathy score, 12 hours of saline hydration, and 1 hour of sodium bicarbonate hydration. ¶ log conversion to fit regression analyses. LVEF: left ventricular ejection fraction, NYHA: New York Heart Association, eGFR: estimated glomerular filtration rate thy score after adjustment for known persistent risk factors for RD.
Discussion
This study investigated the preventative effect of preprocedural hydration before PCI on mid-term (3-6 months, median 175 days) persistent RD after exposure to contrast media. The main findings were as follows: (i) 0.9% sodium chloride hydration at a rate of 1 mL/kg/h for 12 hours before and after index PCI showed protective effects on the development of persistent RD, and 154 mEq/L sodium bicarbonate at a rate of 3 mL/kg for 1 hour before and 1 mL/ kg/h for 6 hours after index PCI showed no protective effect after adjustment for other clinical predictors, and (ii) the contrast nephropathy score, including the baseline age, renal function, advanced heart failure, anemia, diabetes mellitus, periprocedural hypotension, IABP, and contrast volume, was an independent predictor of persistent RD. This result was consistent with the findings of a previous study (2) .
Hydration method
This study was originally conducted to evaluate the effect of 1 hour of bicarbonate prehydration on CI-AKI and persistent RD in patients with acute coronary syndrome, who usually receive insufficient prehydration. A meta-analysis showed that 1 hour of bicarbonate prehydration without Nacetylcysteine decreased the risk of CI-AKI compared with that observed with saline prehydration (21) . In recent studies, the combined use of sodium bicarbonate and Nacetylcysteine showed no superiority to sodium bicarbonate alone for the prevention of CI-AKI (10, 22) , and the ACC/ AHA and ESC PCI guidelines suggest that N-acetylcysteine has no benefit (12, 13). We therefore started 1 hour of bicarbonate prehydration without saline prehydration or Nacetylcysteine to prevent persistent RD in July 2014. In a previous study of persistent RD, all patients received preprocedural hydration, but differences between hydration methods were not mentioned (2) . Interestingly, 1 hour of bicarbonate was administered to more patients than 12 hours of saline [12-h saline 2.1% (2/94) vs. 1-h bicarbonate 20% (12/ 61), p=0.002] and showed a protective effect only in the high-risk contrast volume-to-CC ratio (! 3) category (Fig. 4) . The use of bicarbonate hydration offers several possibilities as a preventative preprocedural method of hydration in order to improve the renal function, especially in the high-risk category (contrast volume-to-CC ratio >3), but showed no preventative effect on persistent RD in the regression analysis.
A recent prospective randomized study (AMACING study) showed no beneficial effect of preprocedural saline hydration on CI-AKI or the 30-day renal functional deterioration, but 52% of study participants received a short hydration protocol (4 hours before and after procedures), and the study included lower-risk patients (52% underwent intravenous contrast administration and 85% underwent nontherapeutic procedures) (11) . Therefore, preprocedural hydration may not always be necessary, especially in low-risk patients, such as those with a higher eGFR and those undergoing intravenous or diagnostic procedures. A long saline hydration protocol (12 hours before and after procedures) may be preferable for CKD patients undergoing PCI in order to prevent CI-AKI and persistent RD (7).
Hydration for elective cases
The data in the present study were analyzed in a perprotocol manner. In the 12-h saline group 23% of patients (31/134) received no hydration and were excluded, while the proportion of patients with unstable angina in the 12-h saline group was lower than in the 1-h bicarbonate and control groups [2.1% (2/94) vs. 20% (12/61) vs. 13% (20/158), respectively, p=0.002]. There was therefore a potential selection bias in the 12-h saline group. Subgroup analyses were performed after excluding unstable angina patients (12-h saline n=92, 1-h bicarbonate n=49, and control n=138). Even in the elective cases, there was less deterioration in the renal function in the saline group than in the control group, while the bicarbonate group showed a level of deterioration similar to the other groups (%-change 12-h saline 1.9±11.4% vs. control −5.9±12.5%, p<0.001; vs. 1-h bicarbonate −2.1± 13.3%, p=0.18; 1-h bicarbonate vs. control, p=0.18 ANOVA). A univariate regression analysis demonstrated that 12 hours of saline hydration correlated positively with the %-change (r=0.252, p<0.001), while 1 hour of bicarbonate did not (r=0.020, p=0.74). A multiple regression analysis adjusted for persistent risk factors for RD also showed that 12 hours of saline hydration correlated independently with a higher %-change (r=0.285, p<0.001). Although 12 hours of saline hydration may be effective in elective cases, the optimal hydration method for protecting the mid-to long-term renal function in emergent cases remains unclear.
Risk factors for persistent RD
Patients with higher contrast nephropathy risk scores as specified by Mehran et al. (1) were vulnerable to both CI-AKI and persistent RD. A lower EF was shown to be a risk factor only in patients with persistent RD (2). In our study, a lower EF was correlated with persistent RD only in the univariate model. Furthermore, the diabetic parameters (blood glucose and HbA1c), and one of the contrast nephropathy score factors, did not correlate with persistent RD, even in a univariate model. As previously reported (2), an unclear relationship in the regression analyses was observed between persistent RD and the contrast volume. The mean volume of contrast administered in this study was 115 mL, which is about half of the contrast volume (261 mL) administered in the contrast nephropathy score study reported in 2004 (1). This smaller volume of contrast may be one reason for the unclear relationship we observed. Patients with a higher nephropathy score should therefore receive optimal therapy during contrast exposure, including 12 hours of saline hydration before contrast exposure, even those with milder stages of CKD.
Assessment of renal functional deterioration after index PCI
Early reports defined persistent RD as a decline in the CC of 25% between baseline and follow-up, and the incidence of a decline ! 25% was 2.7% (40/1,477) (2). In our study, the incidence of persistent RD was too low [incidence of decline ! 25=5.4% (17/313)] to carry out a logistic multiple regression analysis. However, the %-change showed a normal distribution, and the linear regression models required only two subjects per variable for optimal estimation (20) . Even a small decrease in the CC is associated with adverse outcomes in various situations (23, 24) . Thus, in the present study, the severity of persistent RD was assessed by the %-change.
The relative change in the CC was used to assess persistent deterioration in the renal function. The absolute change in the serum creatinine value takes advantage of faster recognition after acute kidney injury, especially in advanced CKD patients. However, in the later phases after kidney injury, the absolute change in advanced CKD patients reflects a smaller %-change of CC than in patients with normal to mild CKD (23) . The relative change seems to take advantage of the linear relationship with the cardiac prognosis after CI-AKI (25) . It is still unclear as to which is the best predictor of a persistent decline in the renal function, namely either absolute or relative change, or the serum creatinine value or calculated creatinine clearance.
Limitations
Several limitations associated with the present study warrant mention. First, this was a single-center, retrospective study. Second, hydration may only be appropriate for patients without heart failure, or well-controlled heart failure, and there may have been selection biases in the hydration groups. Finally, patients undergoing saline hydration may have been more stable than either bicarbonate hydration or no hydration, without the need for emergent PCI. A study population without emergent cases is needed to clarify the effect of 12 hours of saline hydration, while a study population comprising only emergent cases is needed to clarify the effect of 1 hour of bicarbonate hydration on persistent RD.
Conclusion
Hydration with 0.9% saline 12 hours before and after PCI, as recommended by current guidelines, may help prevent renal dysfunction in patients with CKD. Patients with high contrast nephropathy scores may be susceptible to persistent RD. Prospective studies are needed to address the many remaining questions regarding the prevention of contrast-induced acute and persistent kidney damage.
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